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ABSTRACT

The use of Cardiopulmonary Bypass (CPB) in adult patients of cardiac surgery disrupts the coagulation system. The most
common complication of the coagulation system is bleeding; however, that does not rule out the possibility of a dangerous
hypercoagulation condition. A quick and precise coagulation test can provide clues for clinicians to predict future
hemostatic disorders or determine interventional therapy. aPTT and PT are standard laboratory tests, which are limited to
detect a deficiency of coagulation factors. Thromboelastography (TEG) test (R time, K time, a angle, MA, and LY30) provides
an overview of the entire coagulation and fibrinolysis process with faster results. A 2.7 mL citrate blood sample was taken
and tested in a TEG®5000 device, then centrifuged. The plasma was then tested for aPTT and PT using the Sysmex CS-2100i
device. Bleeding volume was measured from chest drain 1-2 hours in the ICU after chest closure in the operating room.
Bleeding criteria were as follows: > 1.5 mL/kg/hour for 6 hours consecutively in 24 hours or > 100 mL/hour. The results
showed 30 patients with no clinically significant bleeding. A significant correlation was found between PT and bleeding
volume at IV hour (p=0.008, r= 0.472). There was no correlation between aPTT and TEG (R time, K time, a angle, MA, and
LY30) with the bleeding volume at [, II, II, and IV hours. There was a hypercoagulation indication of the TEG test of 56.7%,
which showed clinical importance for the patient. PT can be used to analyze changes in bleeding volume atIV hour and TEG

is more superior to detect hypercoagulability of adult patients after cardiac surgery with CPB.
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INTRODUCTION

Cardiopulmonary Bypass (CPB) is an
extracorporeal circuit used to assist hemodynamic
circulation and respiration with temperature
regulation to facilitate cardiac and large vessel
surgery. Cardiopulmonary bypass is often used in
open-heart surgery procedures. However, this
device can cause hemostatic system disorders. This is
due to the direct contact between blood and the
surface of the appliance, the duration of CPB use,
hemodilution, the use of anti-platelets and/or
pre-operative anticoagulants, heparinization during
CPB, and hypothermic condition.””

Complications, which follows after the use of CPB
is bleeding or thrombosis. Massive and continuous
bleeding requires administration of blood
component therapy. Often, in certain circumstances,
it even requires a re-operative surgery. Bleeding of
insignificant volume does not require interventional
therapy. Hypercoagulation conditions due to
complications of CPB use can also occur.’

Thrombosis is a manifestation of the
hypercoagulation condition after cardiac surgery
with CPB, although the incidence is rare. However,
this situation is a serious problem that endangers
patient safety.’

The data from the Department of Thorax
Cardiovascular Surgery at Dr. Soetomo Hospital in
2019 showed that 99.7% and 96.5% of open-heart
surgeries required CPB in 2017 and 2018,
respectively. This indicates the high possibility of
hemostatic disorders due to the use of CPB.

Appropriate hemostatic tests are required to
detect hemostatic disorders in post-cardiac surgery
patients using CPB. The physiological coagulation
tests, which are routinely used at the Dr. Soetomo
Regional Hospital are the activated partial
thromboplastin time (aPTT) and prothrombin time
(PT). The long waiting time for the results of aPTT and
PT examinations causes limitations in real-time
monitoring, causing a frequent delay in giving
therapy if the results are abnormal.’® Another
drawback of this test is the possibility to be affected
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by several conditions such as hemolysis,
hyperbilirubinemia, and lipemia. This limitation of
aPTT and PT tests make it difficult to provide
intervention therapy in conditions of massive
bleeding, which requires fast results.’

Thromboelastography (TEG) is a Point of Care
Testing (POCT), which can assess the entire process
from formation, strength, stability, and breakdown
through measurement of clot formation, platelet
function, platelet-fibrinogen interactions, and
fibrinolysis. TEG examination has real-time
monitoring with a relatively shorter waiting time for
results. The clinician can directly view the graph of
the coagulation and fibrinolysis formation process
through the monitor screen by looking at the
parameters R time, K time, a angle, MA, and LY30.*
TEG helps clinicians determine when to start therapy,
especially in surgery using CPB. TEG can also
differentiate whether bleeding is from an operative
wound or coagulopathy.*® However, TEG has several
limitations; in addition to its relatively more
expensive cost, TEG has not specifically assessed the
deficiency, which emerges from intrinsic or extrinsic
coagulation factors. In addition, this assay is not
widely used in many hospitals.

This study aimed to analyze the relationship
between aPTT, PT, and TEG values with bleeding
volume in adult patients after open-heart surgery
with CPB.

METHODS

This research was conducted from July 2019 until
December 2019. The research was carried out at Dr.
Soetomo Hospital: Integrated Cardiac Service
Center, ICU of Integrated Central Surgery Building,
and Clinical Pathology Laboratory. The study design
was a prospective observational.

The study subjects were post-cardiac surgery
patients with CPB at 1-2 hours in the ICU post-sternal
closure. Patients over 18 years were included in
the inclusion criteria. Patients who underwent
re-operative surgery were excluded. A total of 2.7 mL
blood sample was taken with an aseptic procedure
into a citrate tube and then examined with the
TEG®5000 device. Then the sample was centrifuged
at 1500 G for 15 minutes, the plasma was then
examined for aPTT and PT with Sysmex CS-2100i
device. Bleeding volume was measured from the
chest drainin the ICU starting 1-2 hours in place after
chest closure. Bleeding criteria: > 1.5 mL/kg/hourin 6
hours consecutively for 24 hours or 100 mL/hour.

This study has been approved by the Health

Research Ethics Committee of Dr. Soetomo Hospital,
Faculty of Medicine, Airlangga University, Surabaya
with number 1342/KEPK/VII/2019.

The results of the TEG, aPTT, and PT tests were
analyzed with a statistical test using SPSS version
17.0. The results will be tested for data normality
using Shapiro-Wilk. Data with normal distribution
were analyzed with the Pearson correlation test and
data with abnormal distribution were analyzed with
the Spearman correlation test with a significance
level of p < 0.05.

RESULTS AND DISCUSSIONS

Patient characteristics are listed in Table 1. The
results of this study showed that 10 patients (33.3%)
experienced an increase in the bleeding volume from
[ hour to IV hours, while 4 patients (13.3%)
experienced an increase in bleeding volume from III
hours to IV hours. The mean bleeding volume in [, II,
I, and IV hours was 16.33 mL (SD+14.767 mL), 14.77
mL (SD+10.559 mL), 21.90 mL (SD+20.471 mL), and
18.33 mL (SD+15.020 mL) (Figure 1).

Based on the criteria of Colson et al. the bleeding
that was considered clinically significant was > 1.5
mL/kg/hour for 6 consecutive hours within 24
hours.” However, according to Bojar's criteria, the
amount of bleeding was > 100 mL/hour.” The results
of this study indicated that none of all subjects had
the number of bleeding volumes, which met the two
criteria above, eitherat[, II, III, or IV hours.

The aPTT test showed normal results (23-33
seconds) in 11 patients or 36.7% of the total study
subjects and aPTT > 33 seconds in 19 patients or
63.3%. The median value was 37.7 seconds
(minimum 18.5 seconds, maximum 67.2 seconds).
Five cases or 16.67% of the total sample showed a
prolonged aPTT value up to > 1.5 times the upper
limit of normal value according to the criteria of Haas
et al™ These results did not indicate bleeding that
met the criteria of Colson et al. and Bojar et al., which
require the provision of special therapy or
intervention.”® The results of the PT test showed
normal results (9-12 seconds) in 20 patients or 66.7%
and PT > 12 seconds (< 1.5 times the upper normal
limit) in 10 patients or 33.3%. The median value was
11.4 seconds (minimum of 9.5 seconds, maximum
15.4 seconds). Prolonged PT value with the criteria
>1.5times the upper limit of normal according to the
criteria of Haas et al. was not found in this study.”

The results of the Spearman correlation test
showed that the aPTT value was not significantly
correlated with bleeding volume at I, II, IIT, and IV
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hours (p > 0.05). The results of the Mann-Whitney
test showed that there was no significant correlation
between the prolonged aPTT values according to the
criteria of Haas et al. with the bleeding volume at [, II,
11, and IV hours (p > 0.05)."

The results of the Spearman correlation test

showed that there was a significant correlation
between the PT value and the volume of bleeding at
IV hour (p < 0.05) with a positive direction and
moderate correlation, but there was no significant
correlation between the PT value and the volume of
bleeding atI, I, and Ill hours. (p > 0.05).

Table 1. Demographics and characteristics of perioperative patient

Patient Demographics Frequency MeantStandard Deviation %
Age (year) 30 51.53+15,662
Range 18-75
Gender 21 70%
Male 9 30%
Female
Height (cm) 30 160,57+8,037
Weight (kg) 30 62.67+14,502
BMI (kg/m?) 30 24.26+5,158
Pre-operative antiplatelet 14 46.7%
consumption (days)
Pre-operative anticoagulant 4 13.3%
consumption (days)
Cessationof pre-operative 14 5.43+0,852
antiplatelet (days)
Cessation of pre -operative 4 5.5+1.000
anticoagulant (days)
Surgical procedures
ASD 1 3.3%
CABG 17 56.7%
CABG + AVR 2 6.7%
MVR 6 20%
TOF 1 3.3%
VSD closure 3 10%
Time on CPB (minute) 30 116,57+41,831
The lowest temperature of CPB (°C) 30 31.24+1,498
Total heparin during surgery (IU) 30 11.933,33+4184,811
Total fluid running on CPB (mL) 30 1.313,33+564,607
Pre-operativethrombocyte 30 259,20+72,006
count (10°/uL)
Post-operative thrombocyte 30 191,37471,187
count (103/pL)
Intraoperative PRC needed 6 338,33 + 125,023 20%
(blood bag)
Chest tube output (mL)
1* hour 30 16.33+14,767
2" hour 30 14.77+10,559
3" hour 30 21.90+20,471
4™ hour 30 18.33+15,020

BML: Body Mass Index, ASD: Atrial Septal Defect, CABG: Coronary Artery Bypass Grafting, AVR: Aortic Valve Replacement,
MVR: Mitral Valve Replacement, TOF: Tetralogy of Fallot, VSD: Ventricular Septal Defect, CPB: Cardiopulmonary Bypass, PRC:

Packed Red Cell
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Figure 1. Mean of bleeding volume measurement at I, II, Ill, and IV hour

Table 2. Hypercoagulability criteria*

LY30 < 8% Along With:

Explanation

R time > 27 minutes
MA > 64 mm

R time 9-27 minutes
MA > 64 mm

R time < 9 minutes
MA < 44 mm

R time < 9 minutes
MA 44-64 mm

R time < 9 minutes
MA > 64 mm

Platelet hypercoagulability,
Hypocoagulability of coagulation factor
(enzymatic)

Platelet hypercoagulability

Hypercoagulability of coagulation factor
(enzymatic)

Platelet hypocoagulability
Hypercoagulability of coagulation factor
(enzymatic)

Hypercoagulability of coagulation factor
(enzymatic) and platelet

The results of the TEG R time value showed that 17
patients or 56.7% were in the normal range (9-12
minutes) and 13 patients or 43.3% had a value less
than 9 minutes. The median value was 9.25 minutes
(minimum of 4.2 minutes, maximum 15.6 minutes).
The results of the K time value showed that 20
patients or 66.7% were in the normal range (2-9
minutes) and 10 patients or 33.3% had a value less
than 2 minutes. The median value was 2.4 minutes
(minimum of 1.2 minutes, maximum of 4.8 minutes).
The results of the TEG a angle showed that 15
patients or 50% were within the normal range
(22-58°) and values less than 22°. The median value
was 58.35° (minimum 29.8°, maximum 70.7°). The
TEG MA results showed that 23 patients or 76.7%
were in the normal range (44-64 mm) and 7 patients
or 23.3% had MA values > 64 mm. The median value
was 57.95 mm (minimum 47 mm, maximum 77 mm).
The TEG LY30 results showed that all patients (n = 30)
or 100% were in the normal range (0-8%) with
median value of 0% (minimum 0%, maximum 4%).

The results of the Spearman correlation test
showed that there was no significant correlation
between TEG (R time, K time, a angle, MA and LY30)
and the volume of bleeding at I, II, II, and IV hours (p
> 0.05).

The results of this study also showed that 17
patients or 56.7% of the total TEG test results had
hypercoagulability. Hypercoagulability criteria
according to the TEG®5000 examination are
described in Table 2.

Bleeding is one of the most frequent
complications after cardiac surgery using CPB. The
bleeding criteria according to Colson et al. is, the
bleeding volume > 1.5 mL/kgBW/hour in 6
consecutive hours for 24 hours, whereas according
to Bojar's criteria is a bleeding volume > 100
mL/hour, which requires blood component
therapy."

The results of this study indicated that there was
no clinically significant bleeding in all samples, thus
no intervention or special therapy was needed. The
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results showed an increase in the volume of bleeding
at1V hours compared to I hour in some samples.In a
good coagulation system, the bleeding volume
should be reduced. This can be caused by a blood
clot in the drain hose that fell off during
manipulation of the tube. This released blood clot
will increase the volume of bleeding measured in the
container, so that it seemed as if there had been an
increase in the volume of bleeding at IV hours,
although the measured volume of bleeding was not
clinically significant. The increased bleeding volume
at IV hour was significantly correlated with
prolonged PT value; however, this bleeding volume
at IV hour was not clinically significant for the
indication of hemostatic intervention therapy.

Haas et al. examined the use of the criteria of
prolonged aPTT and PT values > 1.5 times of normal
values to assess the occurrence of bleeding, and
these criteria were used as a guide in administering
hemostatic intervention therapy.” This study results
showed that patients with aPTT and PT values above
the normal range had no clinically significant
bleeding. Also, aPTT > 1.5 x the upper limit of normal
value did not show clinically significant bleeding to
provide therapy according to the criteria of Colson
etal.and Bojar.*"*

Previous studies have shown that aPTT and PT
values usually increase after cardiac surgery.”"* Ceke
et al. compared the APTT and INR values in
post-cardiac surgery patients with CPB (on-pump)
and those without CPB (off-pump). The results
showed that the aPTT value increased significantly in
post-cardiac surgery patients using CPB (on-pump)
compared to those who did not use CPB (off-pump).
This is because the use of CPB can cause the
phenomenon called "heparin rebound", a condition
in which heparin is still found in the circulation 1-8
hours after neutralization with protamine. The more
significant increase in aPTT value represents a
condition of hypocoagulability, but there was no
further explanation about the large volume of
post-operative bleeding that occurred.”

Ozolina et al. showed that 25 of 83 patients had
increased aPTT values after cardiac surgery using
CPB. The increase in aPTT value might be due to
hemodilution due to decreased coagulation factors
during the use of CPB. However, this study did not
find a significant correlation between aPTT value and
24-hour post-operative bleeding.’

This study showed increased aPTT and PT values
without clinically significant bleeding, even though
the aPTT values increased by > 1.5 x the upper limit of
normal. The increase in aPTT without significant

bleeding can be caused by several conditions. First, it
might be necessary to review the determination of
the range of aPTT and PT values used in the
laboratory in this study. This was because the results
of aPTT > 1.5 x normal upper limit were not
accompanied with significant bleeding requiring
therapy according to the criteria of Haas et al."

Second, the patient might have had an
Antiphospholipid Syndrome (APS) that had not been
diagnosed during hospitalization. Antiphospholipid
syndrome is a coagulation disorder that shows
abnormal results in the coagulation physiological
test (in-vitro) and causes thrombosis (in-vivo).” The
frequency of APS to occur is 1-5% in healthy young
people and 30% in patients with Systemic Lupus
Erythematosus (SLE).” Lupus anticoagulant is an
antiphospholipid antibody that can cause an
increase in aPTT, associated with the clinical
manifestations of venous and arterial thrombosis.
This abnormality needs to be proven by examining
the dilute viper venom time (DVVT), anticardiolipin
antibodies, B2GPI antibody, or the lupus
anticoagulant assay.” Massoudy et al. reported five
cases of patients with APS who underwent heart
surgery. Two patients with a diagnosis of APS were
confirmed after surgery and after the patient died,
while three patients were diagnosed during the
hospitalization. Two people did not experience
perioperative problems, while one person died after
experiencing a thrombotic condition 10-day
post-operation.”

Third, the patient might have had a deficiency in
the contact system, such as factor FXII deficiency.
Factor FXII deficiency or Hageman's factor deficiency
is a rare and genetically inherited blood disorder that
causes prolonged aPTT values without any tendency
of bleeding. Clinical symptoms are usually absent;
consequently, patients often go undiagnosed. The
exact incidence rate in the general population is
unknown, but it is estimated that about 1 of 1 million
people develop this disorder. The researchers found
that factor XII deficiency occurs due to a mutation in
the F12 gene located on the long arm of
chromosome 5 (5g33-qgter). An examination of FXII
activity is required to prove this.” Upal et al. reported
one case of a patient with FXII deficiency who
underwent cardiac surgery with CPB. These
diagnosed disorders make it easier to safely
administer heparin anticoagulants by monitoring
heparin levels.”

An interesting thing found in this study was
that more than half of the patients had
hypercoagulability characteristics on the TEG test.
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More than half of these patients had a history of
CABG, whereas the rest of them had a history of valve
surgery and TOF. This study results suggested that
TEG was better in detecting hypercoagulability,
consistent with the absence of clinically significant
bleeding. This was in contrast to aPTT and PT values,
which were normal and prolonged, and no clinically
significant bleeding was found. This
hypercoagulability condition may affect the clinical
appearance of these patients; however, further
investigation was still needed to find the cause and
the clinical manifestations, which might emerge.
Further research was needed to explain the
mechanism by, which CPB can induce
hypercoagulability in patients.

Hypercoagulability is a condition in which a
person has the potential for thrombosis due to
congenital and/or acquired defects.
Hypercoagulability is involved in the pathogenesis of
thromboembolic conditions such as myocardial
infarction, ischemic stroke, pulmonary embolism,
and Deep Vein Thrombosis (DVT). Genetically
inherited causes of hypercoagulability include
mutation of factor V Leiden, deficiency of protein C,
protein S, and antithrombin III, and
hyperhomocysteinemia. One of the frequent causes
is lupus anticoagulant. Pre-operative screening to
detect causes of hypercoagulability is rarely
recommended, due to the rare occurrence of
hypercoagulability and its absent clinical
manifestations.”*

Bochsen et al. reported cases of patients
undergoing cardiac surgery compared to patients as
normal control. The results of the TEG test showed
hypercoagulability characteristics in 6 of 22 patients
(27%) with a history of CABG compared to 1
hypercoagulability characteristic of 43 normal
controls (2%).” Rafiq et al. reported 43.5% of
post-CABG patients with the TEG test, which showed
hypercoagulability characteristics. The authors then
identified several factors associated with the
pre-operative conditions of these patients.”

Hypercoagulability can also be caused by the use
of CPB, but researchers have not found many
theoretical references to the effect of using CPB on
hypercoagulability conditions. Pagani et al. reported
that 1% of patients died and 5% of patients had an
ischemic stroke caused by thrombosis due to the use
of CPB for cardiac surgery.” Spaniel et al. performed
a study about significant thrombin formation and
fibrinolysis in patients with CPB. The CPB surface
texture causes a "compensatory coagulation”
phenomenon due to an increase in the population of
activated macrophages and monocytes expressing

tissue factors and proinflammatory cytokines on the
CPB surface. The increase in tissue factor occurs
continuously in circulation.”

CONCLUSION AND SUGGESTIONS

This study concluded that PT examination can be
used to identify changes in the volume of bleeding at
IV hours. TEG can provide a better representation of
hypercoagulability in adult post-cardiac surgery
patients with CPB. Further research was needed to
determine the factors that influence
hypercoagulability in post-cardiac surgery patients
with CPB.
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